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231. VARIATION OF JAPANESE Anadara granosa* 


TAMIO KOTAKA 


Tohoku University, Sendai 


AGbH Anadara granosa OBR: AFSL RUBM Anadara granosa © 2ti}l\ 0; FEHR 
Leo HEMPZOKA SMICELV, WN MROMOAKSE AVC, BWGORMOMMLAY SL ENE 
HELE NFX-K-(Md, WELEB., HROMMEBRCL (METS LOLBMELK.. H/L Ru 
C/L id, aici LL, He H, RUWORLSR( BA CUS ML, AML OFRAE CC 2 
PCHS o — ARM LC. Als, HR LOOM Mane, CHEM HVI overlap 
LOH), SHOR cit, HENIK MED OMRASORLUE INS» MHOMELUMOI 


FRuyC kd 0 —MfRe KPL, Anadara obessa tz 3 FRO ZAR RATiROe, NEB BRK 


INTRODUCTION 


The so-called Anadara granosa is a 
common Arcid pelecypod in the Pleisto- 
cene deposits of the Miura and Bd6sé 
Peninsulas in the Kwantd area, the 
Furuya shell beds in Shizuoka Prefecture, 
and occurs in the raised beach de- 
posits of these Peninsulas and in other 
regions. It is also commonly found 
in the shell mounds distributed from 
Miyato-jima in Matsushima Bay, Miyagi 
Prefecture to Kytshti along the Pacific 
boaderland. As living it is known from 
the littoral zone of the Setouchi, Oka- 
yama Prefecture, Ise-Bay, Mie Prefec- 
ture; and Ariake Bay, western Kytsha. 
It is known that the fossil and Recent 
forms have remarkable variations in the 
shape, thickness. and other character of 
shell. J.B. P. A: LAMARcK recognized 
three varieties of the species, namely, 
a,bandc. Of his species, L.A. REEVE 
allocated LAMARcK’s var. a to Anadara 
rhombea (BorN) which is said to be 
characterized by having a greater num- 


* Read June 22, 1952; received Aug. 28, 1952. 
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ber of radial ribs, and the other two 
varieties to Anadara granosa. In 1938, 
H. G. ScHENcK and P. W. REINHART sepa- 
rated the Japanese Recent form from 
the typical granosa by the less number 
of ribs, more elongated shell outline and 
rather narrow umbones. For this type 
of shell they proposed the name to Ddis- 
enensis and added that this occurs in 
Japan also as fossil. T.Kuropa and T. 
Hass, from their observations on Recent 
material, treat bisenenesis as a subspe- 
cies of Anadara granosa. 

To determine the limits of variation and 
taxonomic values of the shells hitherto , 
referred to gvranosa and_ bisenensis 
in Japan, a survey of the statistics of 
the conchometry of these shells was 
made. The mathematical values obtain- 
ed from measurements of length, height 
and convexity were considered by the 
formula of the rejection-ellipse. The 
results in terms of position and range 
of the variation are as shown in figure 
2, in which the respective localities of 
the measured specimens are given. 

Heartiest appreciations are due to 
Professor Shéshir6 Hanzawa for encour- 
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agement and also to Professor Kotora 
Harati for his contiguous guidance dur- 
ing the course of the present study. 
Thanks are also due to Professor T. 
Ima, Fisheries Institute and Professor 
I. Moromura, Institute of Biology, both 
of the Téhoku University for. their ad- 
vices concerning biological statistics. 
During this study, specimens have 
been received from the following persons 
to whom acknowledgements are due, 
Mr. T. Hase and F. Ursumi, Zoological 
Institute, Kyoto University; Mr. H. Ozax1, 
Tokyo Science Museum; Mr. K. Suyart, 
Geological Institute, Tokushima Univer- 
sity ; Dr. J. Tax1, Onomichi Marine Labo- 
ratory, Hiroshima University; and to 
the officials of the Fisheries Experimental 


Stations of Fukuoka and Saga Prefec- 
tures. 


Metuop or MEAsUREMENT 


Arcid shells are characterized by hav- 
ing a straight hinge provided with serial 
teeth. This taxodont character is import- 
ant in taxonomy and is also convenient 
for a conchometric study. As shown in 
Fig. 1, the more accurately measurable 


dimensions are chosen; that is, the length 
(L) of the shell is represented by the 
maximum distance between two lines 
perpendicular to the hinge line and in 
contact with the anterior and posterior 


margins of the shell; the height (H) by 
the maximum distance between two lines 
parallel with the hinge line and in con- 
tact with the ventral margin and the 
top of the umbo; and the convexity CG) 
is defined as the distance from the plane 
of the inner margin of the shell to the 
most inflated point on the outer surface. 
These dimensions are measured carefully 
with callipers, and the values are count- 
ed to the degree of 1/20 mm. 


REIECTION-ELLIPSE tee 


Brief notes on the rejection-ellipse are 
quoted as follows. 

Let us denote, hereupon, H/L by x, 
C/L by y, and let x, and y be mean 
values respectively. Then the equation 
of the rejection-ellipse is 


ee ey I _ ep 
iy = 24(N +1) {Once x) 
—2P1.( x—x) (y—y) 
+On(y¥—J }? 52 aed Ae ae 


where, Oy => (4—%)2, Op = DX (x—*) 
(y-9), Ox =DO-Y; 4= OuOn—- Gh: 
N: number of specimens; Fy: the value 
of F, in the F-distribution under the 
two degrees of reedom 2; = 2, m= N—2, 
and level of significance (0.05); x; and 
yi; are each measured values (7 = 1, 2, 3, 


In the equation (1), let &;=x—x, & 
= y—y, then (1) is introduced into ayé 
+2ayo &y Ent ak} = 0, in general. 

Whereupon, the inclination (9) of the 
long axis of the rejection-ellipse is given 
by the following equation; 
tans. ieee 
Q— ao, 
and the lengths of the two axes are 
two real roots of 


N2—(an+ay) A+CA11 Amr—ai2) = 0. 
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RESULTS AND CONSIDERATIONS 


The results of calculation are shown 
in Table 1 and Figure 2. In Table 1, 
the samples without the values of 6, a 
and b do not indicate the true values 
of the equation of the rejection-ellipse, 
because of some of the measurements of 
H, C, or L are inaccurate due to damage 
of the shell by subsequent agencies as 
erosion, water-worn etc. 

As shown in Figure 2, although the 
rejection-ellipses, which represent the 
position, range and tendency of varia- 
tion of the so-called Japanese fossil and 
Recent granosa and bisenensis, overlap 
each other and thus suggest a continuous 
change of shell shape between the fossil 
and Recent forms, they can be divided 
into three groups. That is, Group 1 
represented by the rejection-ellipses of 
Dutch Borneo and Minato silt (1), Group 
2 by that of Kojima Bay and Ariake 
Bay and Group 3 by that of Okinawa, 


90Fr 


80} 


Cos 


Minato silt (2) and the Bydbugaura 
formation. 

Judging from the arrangement of the 
rejection-ellipses, it is inferred that the 
granosa or bisenensis of Japan can be 
divided into three forms according to 
their shell profiles. 

The first form is shown by the ellipses 
for Dutch Borneo and Minato silt (1) 
in Figure 2; this form may be safely 
assigned to Avadara granosa (s.s.), based 
upon the morphological coincidence with 
L.A. ReEve’s description of the species. 
The second form which is represented 
by the ellipses of Kojima Bay and Ariake 
Bay has an elongated shell profile, rather 
narrow and low umbones and less num- 
ber of ribs as has been pointed out by 
H. G. ScHENcK and P. W. REINHART; this 
is Anadara granosa bisenensis ScHENCK 
and REINHART. The third form is repre- 
sented by the ellipses of fossil and semi- 
fossil forms from the raised beach de- 
posits of Okinawa-Island, Minato silt (2) 


1 O7L (%)- 


J 


Fig. 2: 


45 50 55 


Graph showing the Rejection-Ellipses (Level of significance ; 


0,05) of the specimens from Each Localities. 
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Table 1 
No. | Horizon or Age| N x= H/o vi Or i) a b Remarks 
1 Recent 63 78.0 34,2 1525! 64.3 46.0 g. b. 
as 62 78.1 38,7 19°2.5/ 75.2 38.1 Dy 
3, 10 80.1 ve 39.5 se 11932! 76.1 1237, g. b. 
4. AS 11 82.7 40.5 7 34°56.5/ ‘ 37.2 15:9 g. 
5. Shell mound | 33 83.2 38.4 39°41! 191 8.4 g. 
6. | Minato Silt (1) | 30 82.1 400 30°38/ roi bet 15.0 g. 
a Raised Beach? | 11 89.7 46.1 24°55! 73.8 Sao oO. 
Mae os cree oie 45.4 | 45° 513 .| 179 0. 
Gere oe! F377 888 43.7 36°18.5' | 59.7 | 33.2 0. 
10. | Byobugaura F. | 18 85.4 45.1 40°28.5/ 58.4 193 oO. 
11. 3 7 86.4 46.7 42°20.5! 144.3 38.0 oO. 
12. | Shell mound |10| 855 45,3 (o.) 
13. | Yurakucho F. | 25 81.5 37.9 (g.) 
14.|  NaritaF. |10) 849 38.7 (g.) 


6: Inclination of the long axis 

Bo oe oot the lone axis \ of the rejection-ellipse. 
b: Length of the short axis ) 
g.b.: Anadara granosa bisenensis 
g.: <A. granosa 

0.: A. obessa 


Table 2 


Zi 
9 


Locality 


Kojima Bay, Okayama Prefecture. 
Ariake Bay, Saga Prefecture. 

$3 , Fukuoka Prefecture. 
Dutch Borneo. 
Horinouchi, Y6r6-mura, Ichihara-gun, Chiba Prefecture. 
Coast of Kazusaminato-machi, Kimitsu-gun, Chiba Prefecture. 
Coast of Nago-machi, Kunigami-gun, Okinawa Island. 
Coast of Sanuki-machi, Kimitsu-gun, Chiba Prefecture. 
Coast of Okayoshi-machi, Isumi-gun, Chiba Prefecture. 
Kamisawa-nakamura, Totsuka-ku, Yokohama City, Kanagawa Prefecture. 
Atoyamada, Totsuka-ku, Yokohama City, Kanagawa Prefecture. 
Tsukumo, Okayama Prefecture. 
Near the Funabashi race-course, Funabashi City, Chiba Prefecture, 
Otake-machi, Inba-gun, Chiba Prefecture. 


Oo) SSP GS TS So BOS 
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and By6ébugaura formation. Although 
the morphological characters of H/L and 
C/L more or less overlap those of Anad- 
ara granosa bisenensis, the very thick 
shell and more than 84% of C/L seem 
to warrant the proposal of the new 
name of Azadara obessa. 

It is interesting to find two types of 
shell among the samples from the Mi- 
nato silt. The specimens from Minato 
silt (1) were collected from the exposure 
near the coast of Kazusaminato-machi, 
while those of (2) are uncertain because 
they were collected from the shore and 
are thought to have been washed out 
from a submerged different horizon of 
probably of the Minato silt. According 
to the oral information of Mr. F. Ugpa 
who made a pioneer stratigraphic work 
on the Miura and Boso Peninsulas, the 
Minato silt contains two horizons of 
Anadara. 

The arrangement of the ellipses of 
fossil and semi-fossil forms and their 
relation to those of the forms as shown 
by groups 1 and 3 in the figure suggests 
migration and a type of differentiation 
of species or phylogenetic development, 
but details will be reserved for another 


Measurement : 

Valve Length Height Convexity 
R. 71.5 64.15 32.35 
Re, 64.35 52.0 29.4 
R. 57.0 520 24 2, 
I Bou 52.4 27.1 
R. 53.0 48 65 24.67 
R. 52.0 45.0 Halls 
L. 51.6 45.4 23.15 
L. 51.3 44.9 21.73 
L: 50.0 44.4 24.0 
R. 48.7 42.25 210 
LI 47.25 44.0 23.1 


opportunity. 


DEscRIPTION OF NEW SPECIES 
Family Arcidae 
Genus Anadara Gray, 1847 
Subgenus Tegillarca TREDALE, 1939 


Anadara (Tegillarca) obessa 


KOTAKA, n. sp. 
Pl. 4, Figs. la~6c. 


Description: Shell thick, large in size, 
quadrate in outline, posterior border 
more or less straight ; equivalve, inequi- 
lateral, heart-shaped in lateral view, 
ventral margin squarely rounded; um- 
bonal region swollen, beak more or less 
incurved and directed anteriorly; liga- 
mental area broad, arcuately trigonal 
in profile, sculptured with five chevron- 
shaped grooves; surface with 17 radial 
ribs cross with concentric growth lines, 
anterior part of shell with 12 strongly 
granulated ribs and the posterior with 
5 smooth ribs which are slightly broader 
than their flattened interspaces in width. 


Number 

of ribs H/L Cis 
iif 89.8 45.3 Holotype 
17 88.5 45.7 Paratype 
17 91.2 47.7 % 
19 95.0 49 2 Bp 
17 91.9 46.6 - 
18 86.5 43.8 rt 
17 88.0 44.9 3 
16 87.5 43.2 _ 
17 88.8 48.0 Pn 
17 86.8 43.1 


19 93.2 48 6 
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Holotype: IGPS coll. cat. no. 66356; 
Coast near Nago-machi, Kunigami-gun, 
Okinawa-Island. Derived from the raised 
beach deposits, 

Remarks: Anadara rhombea (Born ) 
(L. A. Reeve, Conch. Icon., 1844, sp. 12) 
from the Chinese Seas and Ceylon pos- 
sesses a similar shell profile, but is dis- 
tinguishable from the present species by 
greater number of radial ribs and shape 
of umbones. Anadara (Anadara) kake- 
hataensis Harat and Nistyama (1949, pl. 
23, figs. 8-10) from the Miocene Susahara 
formation of Toyama Prefecture is dis- 
tinguished from the present form by the 
sculpture and number of radial ribs, 
posterior slope and profile of ligamental 
area. 
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Explanation of Plate 4 


Figs. la-ld—Anadara (Tegillarca) obessa KOTAKA, n. sp. x 2/3. 


66536. Loc. Coast near Nago-machi, Kunigami-gun, Okinawa Island. Raised Beach Deposits. 


Figs. 2a-2d—Anadara (Tegillarca) obessa KOTAKA, n. sp. x 2/3. Paratype, IGPS coll. cat. no. 66536. 
Figs. 3a-3c—Anadara (Tegillarca) granosa bisenensis SCHENCK and REINHART. 
Kojima Bay, Okayama Prefecture. Recent. 


colly cat; no; oc: 


Figs. 4a-4c—Anadara (Tegillarca) granosa LINNE, 


IGPS coll. cat. no. 13229. 


Kazusa-minato-machi, Kimitsu-gun, Chiba Prefecture. Minato silt, Holocene. 


Figs. 5a-5b—Anadara (Tegillarca) granosa LINNS. 


Recent. 


Figs. 6a-6c—-Anadara (Tegillarca) obessa KOVAKA, n. sp. Saito Ho-on Kai Mus. Reg. no. 6703. 


IGPS coll. cat. no. 41659. Loc. Dutch Borneo. 


Loc. Coast, W of Sanuki-machi, Kimitsu-gun, Chiba Prefecture. Minato silt. Holccene. 
(All figures in natural size unless otherwise stated). 


Holotype, IGPS coll. cat. no. 


Topotype, IGPS 


Loc. Coast of 


PLATE 4 


Anadara granosa 


KoTakKa 


Sore 
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FOSSIL ASSEMBLAGES OF MOLLUSCS AND BRACHIOPODS OF 


UNUSUALLY LARGE SIZES FROM THE PERMIAN 
OF JAPAN* 


ICHIRO HAYASAKA 


Hokkaid6 University and Kanazawa University 


and 


SHOZO HAYASAKA 


Tohoku University 


He Cle, MEME ICOM TS, COED AEA THROMRE OTH SM, AAR 


Mod, BHOMBLrVCOTOD, BEV MMIAnePaser ESIC. 
AMOS AYEORKT RAMON 2, HUBER UH OB Kw eM ORE 


EELUPl CSA 


ZS ORC, WRU 
& lk, 


5, AU Cit, PUCRAM CMLL, — BROT’ OCHSCLOMREUMG Ro 


RAL, HSL ZEOMEH (HURLED BKBOWV TE Oc MS Cu oH LV EE CH 


®o 


cH oA ic ht SWAB BACME Le Ol, —IRBOMMCKRSELOL LUCHA, BR 


LOCKS, Gis, ME ORJEORPICKRO Clk, WEP AAR E ES 3 txts, WRI Cie Hb 
JRO PEE IP OUEVE OREHLE DCH NRIABNIIWAM EL LSXE ROCHE dD, L Hii LHS Ic 


LES, WREKIN & & EORIK OH OME 
4a 


LBAZbNS, (PMB PMS) 


It is weli known to the geologists and 
paleontologists of Japan that the Fusz- 
lina-limestone of Kinshozan, Akasaka- 
machi, Gifu Prefecture, yields, or at least 
yielded, abundant fossils of several spe- 
cies of molluscs of enormous sizes at a 
certain bed of the limestone sequence. 
Although known for a very long time, 
this faunule had not been paleontologic- 
ally studied untiJ the senior author of 
this paper described a part of it in 1925. 
The study was, suspended for about a 
dozen of years, and then continued in 
Taiwan (Hayasaka, 1938-43). % 

Kinshoézan has been visited by many 
geologists and paleontologists, and studied 
biostratigraphically by some of them. 
But nobody has ever explained the mode 
of occurrence of these huge molluscs but 


37 


T. Waxkimizu (1902), who briefly account- 
ed for how these fossils were found in 
the mother rock. In the upper part of 
the “Black zone” which is the 4th from 
below of his 8 ‘‘zones,” altogether esti- 
mated to be about 500-600 meters in 
thickness, there are thin beds of “very 
impure,” black limestone, rather earthy 
and brittle, having a tendency to cleave. 
These beds are usually not more than 
30cm. thick. It is in these beds that 
Wakimizu collected his excellent lot of 
specimens described by the senior auther. 
These fossils have been found at Kinsho- 
zan very abundantly since long before 
W AKIMIzU’s time, and consequently many 
specimens are found in the natural his- 


* Read Sept. 27, 1952; received Oct. 27, 1952. 
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tory collections of schools, not to ‘say of 
universities and museums. They were 
supplied by specimen dealers. It is said 
that the specimens occur rather rarely 
these days. The molluscs are found in 
association with large specimens of NVeo- 
schwagerina globosa YasBE and some 
others, which are often compressed into 
flat discs. Other fossils found together 
are a few brachiopods (HAyaAsaAkA, 1932) 
and corals (Yape et Hayasaxa, 1915). 
The geological age of the faunule is late 
Permian. The black, bituminous lime- 
stone forms a part of the uppermost of 
the 4 Neoschwagerina zones into which 
Ozawa (1927) once divided the whole se- 
quence of the Fusulina-limestone of Kin- 
shdzan according to the different dominant 
species ; namely, in descending order, 


Zone of N. (Yabeina) globosa YABE 

Zone of N. margaritae DEPRAT 

Zone of N. craticulifera SCHWAGER 

Zone of N. (Cancellina) nipponica OZAWA 


Another Permian fauna which equals 
the foregoing one in point of being com- 
posed of extraordinarily large individuals 
is the brachiopod assemblage from the 
limestone of Kuzi region in the Kwanté 
mountainland near Utsunomiya city. In 
this region a Fusulina-limestone forma- 
tion occupies a wide area, and the 
foraminifers are collected very abundant- 
ly at many localities. Mammalian re- 
mains are also rich in the limestone 
caves developed here and there (Suika- 
MA, 1949). At a few quarries several 
species of brachiopods of enormous sizes 
were collected by the senior author in a 
rather thin (about 15 m.), black, bitumi- 
nous bed of limestone, exposed around 
Kadosawa in a small tributary of the 
Nagano-gawa, West of.Nabeyama. The 
descriptions of these fossils, also by the 
senior author, were published in 1933. 
At these localities the black brachiopod- 


limestone bed does not contain fusulinids, 
while they are very richly found in the 
gray limestone bed overlying the former. 
This fact, combined with the general 
older, Carboniferous aspect of the general 
that are mostly represented by new 
species, made the senior author regard 
the faunule upper Carboniferous, though 
rather hesitatingly (Hayasaka, 1933, pp. 
15-16). In reality he was deeply con- 
cerned about the fact that the huge 
specimens are confined to the bituminous 
rock just like in the case of the mother 
rock of the molluscan assemblage of 
huge individuals of Kinshézan, Gifu Pre- 
fecture. However, it seems there are 
subsequent field observations by some 
geologists by which the geological age of 
the brachiopod fauna is claimed to be 
Permian. According to the kind oral in- 
formation of Saburd Yosuipa, Kushiro 
Branch of thc Hokkaidé College of Lib- 
eral Arts (Gakugei Daigaku), who 
carried out field surveys in the Kuzt 
region a few years ago, the black, bitu- 
minous limestone with huge brachiopods, 
but without fusulinids, is continuous with 
the gray Fusulina-limestones both above 
and below in the immediate neighbor- 
hood of Yamasuga, about 5km. south of 
Kadosawa, and close to the town of 
Kuzta. We are indebted to Yosuipa for 
several specimens among which there are 
two of Orthotichia japonica from Yama- 
suga (Pl. I, Fig. 2). Once Nacao and 
Minato reported that they had found 
pieces of Fusulina-limestone at the foot 
of a cliff formed of the black, bituminous 
limestone in the neighborhood of the ex- 
posure of Kadosawa where the brachi- 
opods had been collected. It is they that 
first cast doubt on the Carboniferous age 
of the brachiopod fauna. That the bran- 
chiopod-bed and the overlying Fusulina- 
bearing limestone are stratigraphically 
continuous was recognized in Kadosawa 


Ee 
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region: no evidence of a physical uncon- 
formity was recognized between them. 
Thus, it now seems clear that the Nabe- 
yama fauna also is of Permian age, 
although it may not be synchronous with 
the molluscan fauna of Kinshdézan. 


Almost all the other occurrences of 
Permian macro-faunas in Japan are in 
the Kitakami mountains in northern 
Honshtt. There the fossils are, even if 
found in limestones, of ordinary sizes, 
as if to correspond to the non-bituminous 
nature of the rocks. 


Here, we will enumerate the members 
of the two assemblages of unusually 
large fossils from the two regions refer- 
red to above. Measurements given are 
the miximum values obtained of the 
specimens so far studied by the senior 
author. 


(*indicates specimens not unusual in size. ) 


(1) The Kinshézan fauna, Gifu 


Prefecture. 


A. Pelecypoda: (H, height; L, length; in 
mm.) 

Liebea sinensis FRECH. H, 46; L,30 

Myophoria japonica HAYASAKA H, 35; L, 

5 

Parallelodon obsoletiformis Hysk. H, 22; 
L, 48 

Solenomorpha elegantissima Hysk. H, 90; 
L, 240 

B. Scaphopoda: (L, length; D, diameter in 
mm.) 

Dentalium akasakensis HYSK. L, 150; D,17 

D. neornatum Hysk, L.ca. 220; D, ca. 24 

D. (Plagioglyota) herculeum DEKON. L, 
200; D, 22 = 

C. Gastropoda: (H, height; W, width: in 
mm.) 

Bellerophon jonesianus DEKON. H, 130; W, 
124 (Pl. L, Fig. 1) This is the largest 
specimen of this species we have ever 
come across with. This specimen hap- 


pened to be in the collection of the De- 
partment of Geology and Mineralogy, 
Hokkaido University, together with several 
other kinds of fossils. 

*B. jonesianus var hiulciformis HYSK. (Only 
1 specimen) H, ca. 30; W, ca. 32 

*Pleurotomaria aff. multicarinatus MANSUY. 
(Only 1 specimen) H, ca. 65; W, 60 

P. Yokoyamai Hysk. H, 180; W, 160 

Murchisonia Yabei Hysk. H, 400; W, 130 

*Solenopsis multicostata HYSK. H,14; W,5.5 

Naticopsis Wakimizui HYSK. H, 140; W, 120 

*N. minoensis HYSK. H, 40; W, 30 

*N. fasciata Hysk. (Only 1 specimen) H, 
14; W, 12 

*N. cf. praealta WANNER. H, 45; W, 35 

Naticella japonica Hysk. H, 8.6; W, 6.2 

Trachydomia magna HYSK. H. 68. W, 61 

T. conica HysK. H 92; W, 75 

*Shiromphalus Yabei Hysk. H, 14; W. 4 


As far as the material examined is 
concerned the specimens of ordinary sizes 
are very few in number of individuals 
except the last one. Spivomphalus is a 
new genus very much like such small 
forms as Zygopleura or Pseudozygopleura 
in point of size and external characters. 
This species abounds in the bituminous 
limestone. Jt was suggested that they 
also might represent unusually large 
forms of what is ordinarily much smal- 
ler. Jt is also possible, however, that 
this species is indifferent to changing 
environmental factors or conditions ad- 
verse to other gastropod kinds. Although 
Spiromphalus Yabei is a small gastropod, 
yet it is as a whole larger than species 
of Pseudozygopleura described by KNicuT 
(1913). 

At any rate, it is fascinating to look 
at these sp-cimens gathered together, 
because the dominant and more numerous 
members are extraordinarily large, and 
also the shells are all very thick and 
massive as is recognized in the pic- 
tures given in the papers describing 
them. 
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(11) The Nabeyama fauna, Tochigi 
Prefecture. 

This is a brachiopod fauna in which the 
following species have been recognized. (L, 
length; W, width D, depth: in mm.) 

Orthotichia japonica Hysk. L, 94; W, 97; 
De 6) 

O. japonica subsp. striata HYSK. L, 75; W, 88 

Enteletes acutiplicatus H¥SK.(Only 1 speci- 
men) L, 36; W, 39; D, 34 

Meekella gigantea HYSK. L, 100; W, 127; 
D, 90 

Orthotetina planoconvexa Hysk. (Only 1 
specimen) L, 45; W, 55 

O. eusarkos ABICH subsp. lata Hysk. (Only 
1 specimen) L. ca. 65; W,ca 88; D, ca. 40 

(?) Davisiella comides (SOWERBY) subsp. 
(Only 1 specimen) W, 170 

Streptorhynchus sp. indet. W, ca. 40 

*Pyoductus (Echinoconchus) defensus (THO- 
MAS). W, ca. 45 (estimation) 

*Spirifer acutiplicatus HYSK. L, 35; W, 41 

*Squamularia sp. L, ca. 37; W, ca. 40 

*Martinia sp. L, 35; W, 33 


This assemblage also gives a deep im- 
pression of magnificence when seen in 
an array. 


In paleontology assemblages of dimuni- 
tive fossils seem to have attracted atten- 
tion of scientists, and much has been 
discussed, and many theories propounded, 
on the cause of such assemblages. On 
the contrary, assemblages of giant in- 
vertebrates seem to have occurred rather 
rarely. Occurrences of certain enormous 
individuals are on record, however, and 
various explanations have been tried. 
Dacaut (1921), for instance, cites the 
occurrence of Oligocene Natica crassatina 
in different growth sizes, namely, the 
specimens preserved in coarse sand facies 
are twice as high as those found in mud- 
dy matrix and considered as normal in 
growth. The same author mentions as 
factors stimulating unusual growth the 
changes in temperature of the sea water, 
isolation and protection from enemy on 


islands particularly in case of terrestrial 
animals, and so on. The relation between 
the growth size and the chemical pro- 
perties of surrounding sea water is 
summarized by him as follows; animals 
grow larger in calcareous facies, smaller 
in pyritic facies, and those in phosphatic 
facies are intermediate in size (DAQus, 
1921, p. 37). ; 

There may be many such cases and 
many such explanations in geological 
literature. For the understanding of 
such phenomena we have refer as much 
as possible to the observed facts and 
results of experiments in the ecological 
studies of life in Recent seas. We must 
have knowledge on the effects of sedi- 
ments and _ sedimentation, chemical, 
physical and biological influences of en- 
vironmental factors on life. In this 
connection we find G. E. MacGinIrTe’s 
(1935) studies on the “ Ecological Aspect 
of a California Marine Estuarry”’ very 
instructive and suggestive. In this paper 
MacGinitre gives the details of his very 
thorough observations during many years 
at Elkhorn Slough. It contains many 
facts that are important for geologists 
and paleontologists for their paleoecolo- 
gical interpretations and explanations of 
things and phenomena at hand. In con- 
nection with the problem of dwarf inver- 
tebrate assemblages, however, one of the 
recent papers of Croup (1948) is very 
instructive. In this paper he deals with 
the assemblages of dimunitive fossil 
brachiopods on record in America. Vari- 
ous cases are analysed, and different 
theories scrutinized. After careful con- 
sideration he assumes that the following 
three cases are possibly responsible for 
dwarfed assemblages. Namely, 


1) Assemblages of dwarfs (dimunitive adults) 
due to physiological retardation of growth, 


2) Mechanical segregation due to moving 
waters, 
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3) Assemblages of immature specimens arrest- 
ed in growth or killed young by the change 
of evironmental factors. 


The three causes CLoup assumes pos- 
sible for the production of dwarf assem- 
blages similarly function in giving rise 
to giant assemblages. That is: 


1) Assemblages of unusually large individuals 
resulted from the physiographical accelera- 
tion of growth, 

2) Mechanical segregation of giants by mov- 
ing waters, 

3) Assemblages of individuals grown unusually 
large under changing environmental factors. 


Of these three possiblilities 2 may be 
left aside with our giant assemblages, 
because they have particular composi- 
tions, one being chiefly molluscs and the 
other almost exclusively * brachiopods, 
and contain many smaller species in as- 
sociation. Mechanical segregation does 
not seem to have played any important 
part in these cases. 1 and 3 may be 
dealt with as in an intimate mutual re- 
lation. The influences of the changing 
environmental factors may affect organ- 
isms through physiological processes 
Consequently these two possible causes 
may be regarded as a continuous series 
of processes. 

Strictly speaking, however, the same 
environmental factors, or their changes, 
may cali forth more or less different 
responses in different organisms. For 
this Amemiya’s (1928) ecological re- 
searches on the Japanese oysters, which 
will be referred to later, is suggestive. 
Our faunas can ‘be regarded as assem- 
blages of individuals which grew abner- 


*By the courtesy of Sabur6 YOSHIDA we could 
see a picture of a Pleurotomaris-like gastropod 
he found in the black, bituminous, brachiopod- 
limestone of the Nabeyama region. ‘The 
specimen will be examined in a near future. 


mally large in response, or adaptation, to 
certain particular ecological conditions or 
environmental factors. 

Thus, our problem is reduced to what 
the environmental condition or conditions 
can be which provoked unusual growth 
of the fossils under discussion, on the as- 
sumption that such really did exist. 


The environmental factors that have 
influences upon marine invertebrates are 
many as is discussed by MacGinirg, but 
1) the chemical and physical nature of 
water including salinity, 2) the depth of 
habitat, and the character of bottom, 
may include most of them. In our cases, 
the depth and the bottom characters are 
rather easy to guess. The majority of 
molluscs and brachiopods are not deep- 
sea dwellers. The fossils under considera- 
tion are embedded in bituminous lime- 
stones, which are sediments rich in organic 
matter, that is, sapropelic, and deposited 
under stagnant condition of water, as 
is explicitly defined by KruMBEIN and 
SLoss in their recent trearise. Such sedi- 
ments are formed in coastal, shallow 
seas, possibly seculuded at least partly 
from open ocean as almost basins. 

The salinity comes into consideration. 
In this regard we find in Grasav (1931) 
an interesting example, as we already 
quoted by the senior author in his Nabe- 
yama paper. In his voluminous mono- 
graph on “the Permian of Mongolia” 
Grasau described numerous species of 
of fossils including brachiopods and 
molluscs among others. According to 
him these molluscs and brachiopods do- 
minantly show dwarf characters, that is, 
they are as a whole smaller in size than 
the same or allied forms known from the 
other parts of the world. He tried to 
find explanation of this phenomenon in 
the analogous Recent ecological facts 
observed in and around the Bay of Pe- 
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chili, north China. On studying marine 
molluscs living in the Bay of Pechili, and 
comparing them with the corresponding 
forms living outside the Bay, he assured 
that the former are decidedly smaller 
than the latter. This is considered by 
him chiefly due to the subnormal salinity 
of the Pechili water caused by the great 
amount of fresh water poured in by the 
Yellow River. Of course it is not only 
the fresh water that is brought into the 
Bay by the Yellow River, but there is 
an enormous volume of fine debris car- 
ried down from the loess countries up- 
stream: this must have some important 
influence upon the life in the Bay. 
Grapau’s (1931) conclusion concerning 
the subnormal growth of the Mongolian 
Permian marine invertebrate fauna is 
that the Permian sea in that region was 
of a similar character as the Pechili Bay 
of to-day, the salinity of the water having 
been subnormal as compared with that 
of the more open sea of the other parts 
of the world. 


The significant bearing of the change 
in salinity of sea water on the life of 
marine invertebrates is exemplified in 
AMEMIyA’s (1928) ecological studies on 
the oysters of Japan, as mentioned above. 
He made observations and experiments 
in the natural habitats and in laborato- 
rium concerning the effects of change 
of salinity on the growth of oysters of 
several kinds. From his conclusive re- 
marks we like to quote that: 


1) there is the optimum of salinity; 
either too high or too low has an unto- 
ward effect upon reproduction, and 2) 
the suitable salinity for development in 
experimental studies coincides with the 
actual salinity of the natural habitat of 
the full grown oysters. 

To speak of the optimum, it must be 
in each of the environmental factors, in 


theory, and, consequently the relation 
between environmental factors and or- 
ganisms is a quite complicated matter. 
But if the conclusions of AMEMIYA on 
the Recent oysters hold true to a consid- 
erable extent with the other marine 
invertebrates both living and fossil, then 
we can not expect a high salinity as the 
factor stimulated the molluscs and 
brachiopods to grow unusually large, as 
the senior author assumed in his Na- 
beyama paper, in this case the term 
growth meaning the normal continuous 
changes from young to adult. It is be- 
cause an unusually high salinity is an 
adverse condition for the animals to live 
under, just like a subnormal salinity 
causes damages to life. As a matter of 
fact the Zechstein faunas of Europe are 
known to be dwarfed because of the 
Zechstein sea having been too high in 
salinity (MacGinire, 1939). Perhaps a 
case observed by MacGInIre on Califor- 
nia shore may be mentioned here as an 
example of the lethal effect of abund- 
ant fresh water flowed into a shallow 
sea on the life therein. There may be 
many such cases which are useful data 
for the study of paleoecology. By way 
of referring to MacGinirr, he gives an 
interesting account of his observation on 
the effect of bottom material on the 
growth of Schizohaerus nutiali in Elk- 
horn Slough, California (MacGINITE, 
1935 & 39a). The individuals living on 
loose sandy zone are the largest in growth, 
those on the heavy clay soil the smallest, 
and those inhabiting the Zostera ground 
intermediate in size. This almost cor- 
responds to the case of Oligocene Natica 
crassatina referred to by Dacqut (1921), 
cited above. 

Concerning the problem of unusually 
large growth there is very much more 
to be investigated and contemplated. 
First of all we have to look for examples 


—_ 
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comparable to the Japanese occurrences 
of the Permian assemblages discussed in 
this article. Ecological observations in 
the actual seas and inhabitants there 
must be extended to the assemblages of 
unusually large growth. At the present 
Stage of our knowledge, however, we can 
not but try a tentative conclusion, that 
there is the possibility of the gigantic 
Permian fossil assemblages being the 
result of pathological plumpness, that is, 
hypertrophy. This, in turn, is considered 
closely related with the saproplelic nature 
of the marine sediments which were de- 
posited in certain basins of limited 
extensions. Hypertrophy, in passing, is 
often a symptome of extinction of the 
animals. The so-called Anthracolithic 
fauna of Balia Maaden in Asia Minor 
(ENDERLE, 1900) also is in part, at least, 
preserved is a bituminous limestone, and 
consists of some huge specimens of gas- 
tropods (Pleurotomaria, Murchisonia) and 
Dentalium. The huge forms in this fauna 
also have symptomes of hypertrophy, and 
may represent an occurrence comparable 
to some extent with the Japanese ones. 


One thing interesting to note before 
concluding this note is that in Mongolian 
Permian dwarf fauna Spirifers alone are 
recognized by Grasavu (1931) to be in 
normal size of growth. The reason is not 
clear at all. Among the fossils of the 
Japanese Permian faunas also Spiriferids 
of Kinshézan and those and a Productus 
of Nabeyama are of sizes generally con- 
sidered as normal, as is evident in the 
list of species given elsewhere. This is 
an interesting coincidence. This may be 
explained for the time being that Spiri- 
ferids are stable, and more resistant 
against the adverse life conditions than 
the other groups of brachiopods, this 
explanation involving some unsolved pro- 
blems. However, the similar differential 


adaptation may take place in some other 
groups of marine invertebrates, as is 
suggested by some minute kinds of fos- 


sils found as members of the assemblages 
of giants. 


REFERENCES 


AMEMIYA, I. (1928) :— Ecological Studies of 
Japanese Oysters, with Special Reference to 
the Salinity of their Habitats. Jour. Col- 
lege of Agric., Imp. Univ. Tokyo. vol. 9. 
no. 5. 

CLOUD, P. E, Jr. (1948) :—Assemblages of Di- 
minutive Brachiopods and their Paleoe- 
cological Significance. Jour. Sedimentary 
Petrology, vol. 18, no. 2. 

DACQUE, E. (1921) :—Vergleichende biologische 
Formenkunde der fossilen niederen Tiere, 
pp. 174-176, textfig. 48. This is a part of 
the author’s very elaborate discussion on 
the fundamental form and the size of body 
(“Grundform und Korpergrésse der Typ- 
en.” 

DACQUES, in his “Organische Morphologie und 
Paldontologie” (1935), remarks that anoma- 
lously large forms (Rissenformen) do not 
occur in the earlier stages of evolution of 
any groups or particular lineages of animals 
(p. 202). This means that the gigantic 
growth is on the way to extinction 

ENDERLE, J. (1900):—Ueber eine Anthracoli- 
tische Fauna von Balia Maaden in Kleinasien. 
Beitr. z. Palaeontol. Oesterr-Ungarns u. d. 
Orvients, Bd. 13. 

GRABAU, A.W. (1931) :—The Permian of Mon- 
golia; Natural History of Central Asia, vol. 4. 

HAYASAKA, I. (1925):—On Some Paleozoic 
Mollusca of Japan, I. Lamellibranchiata and 
Scaphopoda. Science Reports, Tohoku Imp. 
Univ., 2nd ser. (Geology). vol. 8, no. 2. 

—, (1932):—On three Brachiopod Species 
of the Subfamily Orthotetinae in the 
Fusulina- Limestone of Kinshozan, Aka- 
saka-Mati, Prov. Mino, Japan. Mem. Fac. 
Sci. and Agric., Taihoku Im. Univ , Taiwan, 
vol. 6, no. 1. The three species described 
in this paper are not from the black, bitu- 
minous zone but from a lower one. But 
in this paper on older Japanese note dealt 


44 Ichir6 HAYASAKA and Sh6zd HAYASAKA 


with the occurrence of 3 Reticularias and a 
Terebratuloid (?) in the former is reviewed. 

HAYASAKA, I. (1933):—On the Upper Car- 
boniferous Brachiopod Fauna from the 
Nabeyama Region, Totigi Prefecture, 
Japan. Mem. Fac. Sci. Agric., Taihoku Imp. 
Univ , Taiwan, vol. 6, no. 2. 

——, (1938) :—Two Species Trachydomia from 
Japan. Memoirs, Faculty of Science and 
Agriculture, Taihoku Imp. Univ., Taiwan, 
Vole 22 flo. 1. 

——., (1939):—Spiromphalus, a New Gastropod 
Genus from the Permian of Japan., Ditto, 
HOw: 

-—, (1943):—On Some Permian Gastropods 
from Kinshézan, Akasaka-Mati, Gihu Pre- 
fecture, pt. 1 (the only part published). 
Mem. Fac. Science, Taihoku Imp. Univ., 
Taiwan, ser. 3, vol, 1, no. 2. 

KNIGHT, J. B. (1913) :—The Gastropods of the 
St. Louis, Missouri, and Pennsylvanian Out- 
lier : The Pseudozygopleurinae. Journal of 
Paleontology, vol. 4, Supplement 1. Spirom- 
phalus is a small species, but still it is 
larger than species of Pseudozygopleura. 

KRUMBEIN, W. C. and Stioss, L. L. (1951) :— 
Stratigraphy and Sedimentation, p. 146. The 
authors remark that in bituminous organic 
rocks “There is a complete range from 
slightly organic to highly organic sediments. 
Moreover, distinctions between humic and 
bituminous seiments are not always clear -- 
--” In our case neither of the limestones 
have been chemically studied. _ 

MACGINITE, G. E. (1935) :—Ecological Aspects 


of a California Marine Estuary. Amer. 
Midland Naturalist, vol. 16, no. 3. There 
may be many other, more recent works 
by this author on the similar subjects. 
We refer only to those within our easy 
reach. 

——, (1939):—Some Effects of Fresh Water 
on the Fauna of Marine Harbor. Amer. 
Midland Naturalist, vol. 21, no. 3. 

—., (1939a) :— Littoral Marine Communities. 
Amer. Midland Naturalist, vol, 21, no. 1. 

NAGao, T. and MINATO, M. (1943) :—Para- 
fusulina kaerimizuensis aus der unterhalb 
der Brachioponden-Zone liegenden Schicht 
in der Gegend von Nabeyama. Jour. Geol. 
Soc. Japan, vol. 50, no. GOI. 

OZAWA, Y. (1927) :—Stratigraphical Studies of 
the Fusulina Limestone of Akasaka, Pro- 
vince Mino. Jour. Fac. Sci., Imp. Univ. 
Tokyo, ser. 2, vol. 2, part 3. 

SHIKAMA, T. (1919) :—The Kuzuu Ossuaries: 
Geological and Palaeonotological Studies of 
the Limestone Fissure Deposits, in Kuzuu, 
Totigi Prefecture. Sci. Rep. Tohoku Imp. 
Univ., 2nd ser. (Geology), vol. 23. 

WAKIMIZU, T. (1902):—The Limestone For- 
mation of Kinshézan, Akasaka, Province 
Mino (in Japanese). Jour. Geol. Soc. Tokyo 
(Japan, afterwards), vol. 9, pp. 71-75; 163- 
169: 205-212* 331-339. 1 pl. 

YABE, H. and HAYASAKA, I. (1915) :—Palaeozoic 
Corals from Japan, Korea and China. Jour. 
Geol. Soc. Tokyé, vol. 22. Romingeris (?) 
Kotoi and Lonsdaleia (Waagenophyllum) 
akasakensis are described. 


Fig. 1. Bellerophon jonesianus DEKONINCK. 


Fig. 2. Orthoticha japonica HAYASAKA. Natural size. 


Explanation of Plate 5 } 


Natural size. This is the largest specimen we have 
seen, but we have no reason to say that this is the largest specimen of this species hitherto 
discovered at Kinshézan, because it is not possible for us to examine al] the specimens in var- 
iuus repositories in Japan. This specimen measures 130mm. in height and.124 mm. In width. 
Many other specimens we have had chance to see are, on.an average, not much smaller than 
3/4 in height of the specimen here pictured. 


This is not to represent the largest size of 
this species, but is pictured to show one of the specimens discovered at other locality than 
Kadosawa where the original material of the Nabeyama fauna was found. This and a few 
other specimens were collected by Saburo YOSHIDA in the black, bituminous limestone deve- 
loped at Yamasuga. Here the bituminous limestone does not contain fusulinids, and lies between 
Fusulina-limestones with Parafusulina kaerimizuensis. YOSHIDA presented to us several speci- 
mens of this species he collected at Kadosawa which used to be very popular at this place. 


————— 
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Introduction The Nishitoppu group consists of two 


This paper treats smaller Forami- 
nifera collected by Prof. S. HanzAwa 
and Mr. S. Imanisu1 from the Shintotsu- 
gawa area, Kabato-gun, Ishikari prov- 
ince, Hokkaido, in 1950. 

A condenced summary of the Tertiary 
stratigraphy of the said area (HANZAWA 
and IMANIsHI, 1951) is as follows: 


Oshirarika group (Pliocene) gawa-mura, Kabato-gun. The localities, 
seesstens Unconformity......... which yielded the Foraminifera herein 
Shintotsugawa group (Upper Miocene) reported, are: 
Gakuenzawa formation ; siltstone intercalating 
tuffaceous sandstone, conglomerate at the IMANISHI Loc. No. 151: Toppu-river cliff 
base. 250 meters. 2km southwest of Yoshino-machi 
Chashiparomanai formation; siltstone. 420- Loc. No. 526: WNuttapu-river cliff, 2 km, 
300 meters. north of Yoshino-machi 
Toppu formation; alternation of siltstone Loc. No. 531: Nuttapu-river cliff, 2.5km 
and shale, sandstone at the base, 350-300 north of Soshi, Yoshino-machi 
meters. . Loc. No. 787: Hamamasu, 0.5km north 
Rukushubetsu formation; tuff, sandstone, of Soshi, Yoshino- machi 
conglomerate. 75-5 meters. Loc. No. 868: Penkepetan-river cliff, 2km 
ace nahont Unconformity......... southwest of Kokuryo, Uryu-mura 
Nishi-toppu group (Middle Miocene) Loc. No. 1017: Wakkauenbetsu-river cliff, 
Wakkauenbetsu formation; siltstone interca- 0.6km west of Yoshino-machi 
lating sandstone and conglomerate. 500 Loc. No. 1018: Wakkauenbetsu-river cliff, 
meters. 0.8km west of Yoshino-machi 
Soshi formation; tuff, sandstone, con- Locs No; 1022: Inuno-sawa, Wakka, 
glomerate. 100 meters. Yoshino-machi 
SS Unconformity......... Loc. No. 1028: 0.6km west of Inuno- 
Kabato Paleozoic complex sawa, Wakka, Yoshino-machi 
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formations. ‘The lower, Soshi formation 
rests unconformably on the Kabato 
Paleozoic complex and contains mega- 
fossils, such as Ostrea, but no Forami- 
nifera. The upper, Wakkauenbetsu 
formation, mainly consisting of dark 
gray or black siltstone, contains a rich 
foraminiferal assemblage at many out- 
crops around Yoshino-machi, Shintotsu- 


Loc. No. 326: Rokugosen-river cliff, 4km 
southwest of Gakuen, Shintotsugawa- 
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Loc. No. 1029: 0.7km west of Inuno- 
sawa, Wakka, Yoshino-machi 
Loc. No. 1930: 0.8km west of Inuno- 


sawa, Wakka, Yoshino-machi 

Loc. No. 1043: Rukushubetsu-river cliff, 
1.3km southwest of Yoshino-machi 

Loc. No. 1049: Rukushubetsu-river cliff, 
2km southwest of Yoshino-machi 


The Shintotsugawa group, consisting 
of four formations, overlies uncon- 
formably the Nishi-toppu group. 
Foraminifera are common in all of the 
formations of this group except the 
lowest, Rukushubetsu formation. The 
following localities have yielded Forami- 
nifera dealt with: 


Rukushubetsu formation 


IMANISHI Loc. No. 322: Rokugosen-river 


cliff, 3.5km southwest of Gakuen, 
Shintotsugawa-mura 
Loc. No. 835: Oshirarika-river cliff at 


Gorobuchi, 4km southeast of Kokuryo, 
Uryu-mura 
Toppu formation 
IMANISHI Loc. No. 76: Sopuchi-river cliff, 
1.7km west of Yoshizawa, Shintotsugawa- 
mura 
Loc. No. 146: Toppu-river cliff, 1.2km 
south of Yoshino-machi 
Loc. No. 175: Rokugosen-river cliff, 3km 
south of Gakuen, Shintotsugawa-mura 
Loc. No. 176: Rokugosen-river cliff, 3.2 km 
south of Gakuen, Shintotsugawa-mura 
Loc. No. 208: Yongosen-river cliff, 1.5 km 


southeast of Gakuen, Shintotsugawa- 
mura 

Loc. No. 231: Icnigosen-river cliff, 3km 
southeast of Gakuen, Shintotsugawa- 
mura 


Chashiparomanai formation 
IMANISHI Loc. No. 88: Sugiharadani-river 

cliff, 25km west of Sopuchi, Shintotsu- 
gawa-mura 

Loc. No. 89: Sugiharadani-river cliff, 
2.6km west of Sopuchi, Shintotsugawa- 
mura 

Loc. No. 170: Rokugosen-river cliff, 2.8 km 
south of Gakuen, Shintotsugawa-mura 


mura 

Loc. No. 330: 
Chashiparomanai, 
gawa-mura 

Loc. No. 503: Toppu-river cliff, 0.5km 
east of Yoshino-machi 

Loc. No. 1076: Wakkauenbetsu-river cliff, 
Yoshino-bridge, Yoshino-machi 

Loc. No. 1106: Yoshitsu-sawa, Oshirarika- 
river, Shintotsugawa-mura 

Gakuenzawa formation 
IMANISHI Loc. No. 378: Gakuenzawa-river 

cliff, 3km northwest of Gakuen, 
Shintotsugawa-mura 

Loc. No. 507: Nutappu-river cliff, 1km 
east of Yoshino-machi 

Loc. No. 546: Toppu-river cliff, 1.5 km 
east of Yoshino-machi 

Loc. No. 1082: Nuttapu-river cliff, 0.9km 
east of Yoshino-machi 


Hachigosen-river cliff, 
Gakuen, Shintotsu- 


Here, the writer expresses his cordial 
thanks to Prof. S. Hanzawa and Mr. 
S. IManisu1 for submitting their collec- 
tions to the present study. 


Faunal Consideration 


An analysis of the composition and 


relative stratigraphic ranges of the 
foraminiferal assemblage from the 
treated area reveals that, (1) the 
Wakkauenbetsu foraminiferal as- 


semblage is quite distinct from those of 
the overlying Shintotsugawa group and 
that, (2) the characteristic association 
of the Japanese Miocene Foraminifera, 
especially of the oil-fields in Akita, 
Yamagata and Niigata prefectures also 
occurs in Hokkaido. 

The Foraminifera from the Wak- 
kauenbetsu formation (Table 1) consists 
of 51 species. These species indicate 
that the formation was deposited in the 
medium-depth zones, such as in the 
neritic or bathyal. Of the species, 
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Table 1. 


Foraminifera from the Wakkauenbetsu Formation. 
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Loca ties 
Species 


151 


526 


531 


787 


868 


1017 


1018 


1022 


1028) 


1029 


1030 


1043 


1049 


Ammobaculites sp. 
Ammodiscus sp. 
Angulogerina hughesi 
Bathysiphon sp. (A) 
Bathysiphon sp. (B) 
Bolivina marginata 
Bulimina inflata 
Bulimina ovata 


Cassidulina laevigata 
carinata 


Cassidulina margareta 
Cibicides aknerianus 
Cibicides cf. altamiraensis 
Cibicides cf. lobatulus 
Cyclammina cancellata 
Cyclammina ezoensis 
Cyclammina incisa 
Cyclammina pusilla 
Dentalina sp. 
Discorbis sp. 
Ehrenbergina notoensis 
Entosoleria squamosa 
Entosolenia sp. 
Gaudryina sp. 
Globigerina spp. 
Gyroidina soldanii 


Haplophragmoides 
canariensis 


Haplophragmoides renzi 


Haplophragmoides 
trullisatum 


Lagena striata 
Martinottiella communis 
Nodosaria sp. 

Nonion pompilioides 
Nonion sp. 

Nonionella hanzawai 


Plectofrondicularia 
japonica 

Plectofrondicularia 
miocenica 


Plectofrondicularia sp. 


F 
F 


soy oy 


yy 
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Localities 7 le 
pee 151 | 526 | 531 
Species 


787 | 8€8 | 1017} 1018] 1022] 1028} 1029] 1030, 1043) 1049 


Pullenia bulloides R/| —- = = 
Pullenia sp. =e = ee = 
Quinqueloculina sp. = = = = 
Robulus calcar en ee = ee 
Robulus sp. Pe eee Sap 1k 
Rotalia tochigiensis C F 
Rotalia yubariensis — = = = 


Spiroplectammina 
niigataensis — = = ee 


Textularia sp. : _ — = _ 
Trochammina nipponica| — — - — 
Trochammina cf. pacifica, — _ — _ 
Uvigerina proboscidea 


C 
Uvigerina subperegrina — — R 


ay 
ee 


Valvulineria nipponica 


A: Abundant, C: Common, F: Few, R: Rare. 


Sbiroplectammina niigataensis, Bathy- 
siphon sp. (A), Trochammina nipponica, 
n. sp., Haplophragmoides trullisatum, 
Plectofrondicularia japonica, nn. sp. 
Nonionella hanzawat, n. sp., Valvulineria 
nipponica are represented by a large 
number of individuals. These species 
except for the ones described herein as 
new to science are commonly found in 
the socalled “Black shale” formations 
in Akita, Yamagata and Niigata 
prefectures. Lithologically, the Kubiki 
formation in Niigata prefecture, Funa- 
kawa formation in Akita and Yamagata 
prefectures, and Wakkauenbetsu forma- 
tion under consideration are very 
similar, consisting of mainly black or 
gray siltstone. Their similar lithology 
and correlative foraminiferal assemblage 
suggest that they may have been 
deposited under similar environmental 
condition of the medium-depth zones. 
The “Black shale” formation often 
intercalates locally tuff or agglomerate. 
Where intercalation of volcanic material 
occurs (Loc. Nos. 526, 531 and 1017), 


somewhat different assemblages are 
found in the silty part; for example, 
large forms of Cyclammina, Tyrocham- 
mina, or Bathysiphon, such as, C. 
ezoensis, C. cancellata, T. nipponica or 
B. sp. (A) are found to be dominant 
and no calcareous Foraminifera are 
found in association. This suggests 
that the larger forms Cyclammina, 
Trochammina or Bathysiphon prefer a 
muddy sea bottom, due to volcanic 
activity or other agencies. It the Recent 
deposits around Japan, smaller forms of 
arenaceous Foraminifera are usually 
found to be accompanied with calcareous 
Foraminifera, but larger forms of 
Cyclammina cancellata was found 
abundantly in only one station (H 113, 
Tat, 95° 15! 107 NS Lonesni40 AG ares 
off Bé6s6 Peninsula, by the Sdédy6-maru 
of the Fisheries Experimental Station 
in Toky6, during her oceanographical 
observations and dredge operation on 
the continental shelf of Japan. The 
bottom characters of the station was 
recorded as gravels and clays and the 
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depth was given as 196 meters. The 
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Table 2. Foraminifera from the Rukushubetsu 


ecological factors* govering such an Formation. 

abnormal fauna has not yet been hc ree ai 

ascertained. 322 | 835 

The foraminiferal assemblages f ee 
mblage rom 

the Shintotsugawa group are ecological- Cribroelphidium imanishii F — 

ly more diverse than those of. the Haplophragmoides spp. 7 Cc 

Wakkauenbetsu. Foraminifera from the Trochammina nipponica a BF 

Table 3. Foraminifera from the Toppu Formation, 
: 76 146 175 176 208 231 

Species 
Ammobaculites sp. - _ — R = = 
Bulimina ovata R _ C C _ = 
Bulimina pyrula — R = EF = =e 
Cassidulina laevigata carinata - _ Cc C - = 
Cyclammina cancellata R — - F - 
Cyclammina incisa _ R — _ = = 
Eponides sp. R _ _ — — ea 
Epistominella japonica — — — = - F 
Globigerina spp. — - R F - = 
Gyroidina soldanii R — — - — = 
Haplophragmoides canariensis = — = F - _ 
Haplophragmoides trullisatum = R F _ - — 
Martinottiella communis — _ = - R - 
Nonion pompilioides R _ _ — = = 
Nonionella miocenica a = F F = Cc 
Pullenia bulloides R - — _ _ _ 
Shpiroplectammina niigataensis = — _ R _ - 
Trochammina nipponica = = R F R = 
Trochammina cf. pacifica = — _ F — — 


A: Abundant, C: Common, F: Few, R: Rare. 


*R.M. STAINFORTH stated in his letter to 
the writer (Nov. 3, 1951); ‘‘ My cortclusion 
has been that the ecological factor causing 
such an abnormal fauna is turbidity of the 
sea water. The turbidity may be due to 
rapid deposition “of shaley sediments as in a 
piedmont facies or in a graben-trough, oy in 
an area of rapid floculation of clay colloids, 
off the mouth of a big river. The fossil 
examples which I have studied in several 
countries s2em to give support to this idea, 
but I have never encountered a Recent 
fauna of the same type which could be used 
to check my deduction.” 


lowest, Rukushubetsu formation consists 
of littoral forms (Table 2), but those 
from the Toppu, Chashiparomanai and 
Gakuenzawa formations (Tables 3-5) 
are mainly neritic or bathyal types, as 
represented by the Buliminidae, Cas- 
sidulinidae and Globigerinidae. There 
are also abnormal faunules consisting 
only of larger forms of arenaceous 
Foraminifera in some localities (Loc. 
Nos. 208, 835, 1106). 

In general, the Shintotsugawa forami- 
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Table 4. Foraminifera from the Chashiparomanai Formation. 


Species 


88 


89 170 | 326] 330] 503 | 1076 | 1105 


Bathysiphon sp. (A) 
Bulimina inflata 

Bulimina ovata 

Cassidulina laevigata carinata 
Cassidulina margareta 
Cribroelphidium imanishii 
Cyclammina cancellata 
Dentalina sp. 

Epistominella japonica 
Eponides sp. 

Globigerina spp. 
Haplophragmoides canariensis 
Haplophragmoides trullisatum 
Martinottiella communis 
Nonionella cf. pulchella 
Pullenia apertula 
Quingueloculina vulgaris 
Spiroplectammina niigataensis 
Trochammina nipponica 
Trochammina cf. pacifican 
Uvigerina sp. 


yAO 


| 
Wy Ay 
my | 


C: Common, oe Few, R: Rare. 


niferal assemblages, although they 
belong to four rock-units, are distinct 
from the underlying Wakkauenbetsu 
assemblage; Cribroelphidium imanishiz, 
Nonionella  miéocenica, Epistominella 
japonica, Nonionella cf. pulchella and 
Virgulinella miocenica are characteristic 
in this group, while Nonionella 
hanzawai, Plectofrondicularia japonica, 
P. miocenica, Bolivina marginata, Rotalia 
tochigiensis, R. yubariensis and Valvu- 
lineria nipponica are limited to the 
Wakkauenbetsu (Table 6). 

Thus, there is a sharp line between 
the faunas of the Wakkauenbetsu and 
Shintotsugawa, which seems to be 
related to the unconformity between 
the two. 


Age Consideration 


A geosyncline was formed along the 
Japan Sea coast in the middle Miocene 
age, in which the Onnagawa siliceous 
shale, Funakawa black shale and the 
Kitaura alternation of sandstone and 
shale and its equivalent formations were 
deposited (S. Hanzawa, 1951). The 
Wakkauenbetsu formation, as above- 
stated, is correlated to the Funakawa 
black shale and the _ overlying 
Shintotsugawa group to the Kitaura 
formation. In the middle and late 
Tertiary, however, a pronounced pro- 


vincialism affected the faunas, and the 
stratigraphic ranges of Foraminifera of 
these ages vary in different areas even 


in the same geosyncline, thus it is very 
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Table 5. F raminifera from the . 
Gakuenzawa Formation. ~ 


Localities 
378 | 507 
See | 


Bulimina ovata R | Adeses A 
Buixnina pyrula —| Fj -|- 


Species 


Cornuspira sp. —/|-—-| R/- 
Epistominella japonica —|R 
Globigerina spp. —|R 
Glomospira sp. ree IRA) el 
Haplophragmoides sp. —|R 
Lagena perlucida —|R 
Nonion pompbilioides R |) =>) — iC 
Nonionella miocenica —}—y—]-C 
Nonionella cf. pulchella = 9 As CC 
Pyllenia sp. —-/|—-|—|R 


Spiroplectammina 
niigataensis | R| R| C 


C 
Trochammina nipponica —|—|C|F 
Trochammina cf. pacifica | — | — | — | F 

EF 


Uvigerina cf. hootsi —-;/ Ri] - 


Virgulinella miocenica eee tr 


A: Abundant, C: Common, F: Few, R: Rare. 


Table 6. 


difficult to determine the geological age 
according to international standard. 
However, a comparison of the present 
assemblages with those of regions in 
which the foraminiferal sequences have 
been studied in detail is useful in 
showing the distribution of the 
characteristic Species over wide areas. 

The Gakuenzawa foraminiferal 
semblage which is the youngest forami- 
niferal sequence of the treated area 
contains species which are dominantly 
found in the Upper or Middle Miocene 
formations of the Northwestern America, 
such as WNonionella miocenica and 
Virgulinella miocenica. Furthermore, 
the Gakuenzawa Foraminifera consists 
of many species which are usually found 
in the geosynclinal deposits of the 
Northwest Honshi. 

Thus, in conclusion, it can be said 
that the Shintotsugawa assemblages 
represent the Upper Miocene: forami- 
niferal sequence of the Japan Sea Coast, 


as- 


Stratigraphical Distribution of the Characteristic Foraminifera from 


the Shintotsugawa Area. 


Formations Gakuenzawa 


Chashiparomanai 


Ru- 


k Wakkauenbetsu 
| ku. 


Toppu 


Localities 507 | 546 |1082| 89 | 326 


330 


107€| 175 | 176 | 231 | 322 | 151 | 787 |1022/1043/1049 


Spiroplectammina 


niigataensis Cc; Chr—-|— 


Virgulinella miocenica —-}/—-|;-/]- 
Nonionella cf. pulchella C| C|—-|}] - 
Epistominella japonica —};-—]— F 


Nonionella miocenica —-/;/—-|] Cj]—-]}] = 


ArPaAn 


| Cribroelphidium imanishii| — | — | — | C| — 
Bolivina marginata = fe | as Ss 
Nonionella hanzawai = oaths tele 


. Plectofrondicularia’ 
miocenica —-;/—-}-/|/-[- 
Plectofrondicularia 
japonica —-/|/—-|;-|;|-]|]- 


Rotalia tochigiensis —-;/—-J—-y-]- 
Rotalia yubariensis =—)}=—/—)/-)]= 


Valuvulinena nipponica| — | -— | -— | -| =~ 


F Ae eee eee ele 


| 
| 


QnA 
| 
| 
| 
| 
| 
| 


| 
QO 
9] 
les] Zs) les 
ies) 
| 


| 

| 
wn 
Ps 
OQ 


A: Abundant, C: Common, F: 


Few, R: Rare. 
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while the underlying Wakkauenbets't 
can be correlated to the Funakawa and 
Kubiki and is Middle Miocene. 


Description of New Species 


Nonionella hanzawat AsANo, Nn. Sp. 


Text-figs. 4 a~c. 


Test subglobular, slightly longer than 
broad, consisting of about 7 chambers, 
arranged  inequilaterally, increasing 
rapidly in size as added, much inflated, 
ventral lobe of Jast chamber extending 
across umbilical area nearly to pe- 
riphery, with several small lobelets at 
margin; sutures depressed, gently 
curved; wall smooth; aperture at base 
of apertural face. Length up to 1mm. 

Holotype: Institute of Geology and 
Paleontology, Tohoku University coll. 
cat. no. 75286. Hamamasu, 500m. north 
of Soshi, Yoshino-machi (Lat. 43° 34’ 30” 
IN| ebong: 141° .43) 30” E.), Wakka- 


uenbetsu formation, Middle Miocene. 

Remarks: Differs from both N. globosa 
Isniwapa and WN. turgida digitata 
Norvanc by the more globular test of 
which ventral lobelets are not completely 
separated from each other. ‘This is a 
characteristic species in the Middle 
Miocene Wakkauenbetsu formation of 
Hokkaido. 


Cribroelphidium imanishit AsANo, 0. Sp- 
Text-figs. 11 a, b. 


Test planispiral. compressed, periphery 
rounded, slightly lobulated ; chambers 
10-15 in Jast coil, umbilical region 
somewhat depressed, often filled with 
granular shell material; sutures gently 
curved, depressed in later ones, retral 
processes usually indistinct, short and 
numerous; wall smooth, somewhat 
inflated; aperture low openings at base 
of apertural face, with small circular 


Explanation of Text-figures 


Figs. 1-2. Bathysiphon sp. (A) x25 Loc. no. 1049, Wakkauenbetsu Formation 

Bigeeoes Shiroplectammina niigataensis ASANO and INOMATA x25 Loc. no. 1049, Wakka- 
uenbetsu Formation 

Figs. 4 a-c. Nonionella hanzawai ASANO, n. sp. x25 Loc. no. 787, Wakkauenbetsu Formation 

Figs. 5 a-c. Tvochammina nipponica ASANO, n.sp. 25 Loc. no. 1028, Wakkauenbetsu formation 

Figs. 6a, b. Nonionella cf. pulchella HADA x25 Loc. no. 507, Gakuenzawa Formation 

ieg mec Bulimina ovata D’ORBIGNY x30 Loc. no. 507, Gakuenzawa Formation 

Figs. 9,10.  Plectofrondicularia japonica ASANO, n. sp. x30 Loc. no. 1049, Wakkauenbetsu 
Formation 

Figs. 11 a, b. Cribroelphidium imanishii ASANO, n. sp. x 25 Loc. no. 89, Chashiparomanai 
Formation 

Figs, 12: Bulimina inflata D'ORBIGNY x30 Loc. no. 151, Wakkauenbetsu Formation 

Misa 13. Uvigerina proboscidea SCHWAGER X40 Loc. no. 1049, Wakkauenbetsu Formation 

Fig. 14. Plectofrondicularia miocenica CUSHMAN x 25 Loc. no. 1049, Wakkauenbetsu 
Formation 

Higyeulo: Plectofrondicularia sp. x25 Loc. no. 151, Wakkauenbetsu Formation 

igs sl! Virgulinella miocenica CUSHMAN and PONTON x30 Loc. no. 507, Gakuenzawa 


Formation 
Figs. 17 a, b. Rotalia tochigiensis UCHIO 


Figs. 18 a, b. Nonionella miocenica CUSHMAN 


x25 Loc. no. 151, Wakkauenbetsu Formation 
x25 Loc. no. 1082, Gakuenzawa Formation 
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pores on central portion of apertural 
face. Diameter up to 1.4mm. 

Holotype: Institute of Geology and 
Paleontology, Tohoku University, coll. 
cat. no. 75287. Sugiharadani, 2.6km 
west of Sopuchi, Shintotsugawa-mura, 
Kabato-gun (Lat. 43° 32/ 50” N., Long. 
141° 50’ E.), Chashiparomanai formation, 
Upper Miocene. 

Remarks: Differs from C. ezoense 
(Asano) by the smaller test of which 
the umbilical region is not so strongly 
umbonated. This is perphaps an 
ancestral form of C. ezoense. It also 
occurs commonly in the Nakayama 
formation in the J6ban Coal-fields. 


Trochammina nipponica ASANO, Nn. Sp. 


Text-figs. 5 a-c. 


Test much compressed, large, com- 
posed of two coils, periphery angled: 
chambers 5 or 6 in last coil, increasing 
rapidly in size as added, very slightly 
inflated; sutures somewhat depressed, 
slightly curved; wall arenaceous, smo- 
othly finished; aperture indistinct. 
Diameter up to 1.5mm. 

Holotype: Institute of Geology and 
Paleontology, Tohoku University coll. 
cat. no. 75288. 600 m west of Inuno-sawa, 
Wakka, Yoshino-machi, Kabato gun 
CLiat) 43°35) 40” N.2 Uong, 14t°s 49" 30” 
FE.), Wakkauenbetsu formation, Middle 
Miocene. 

Remarks: This form may be easily 
distinguished from allied species by the 
larger and much compressed test, consist- 
ing of only two coils. It occurs widely 
in the “Black shale” 
Northwest Honshu. 


Plectofrondicularia japonica ASANO, Nn. sp. 
Text-figs. 9, 10. 
Test elongate, 


narrow, compressed, 


formations of : 


periphery with 3 sharp platelike carinae, 
one in the middle, the other two 
perpendicular to the middle one, broad 
sides concave or flat, diverging gradual- 
ly from initial end which is round or 
sometimes pointed ; chambers numerous, 
early ones biserial, later ones uniserial, 
low; sutures strongly limbate, not 
depressed, usually transparent at middle 
portion ; wall smooth except early portion 
which is provided with short costae. 
Length up to 2mm., breadth about 
0.3 mm. 

Holotype: Institute of Geology and 
Paleontology, Tohoku University coll. 
CatauenlOnws «(02002 Rukushubetsu-river, 
1.3km southwest of Yoshino-machi, 
Kabato-gun (Lat. 43° 35’ N., Long. 141° 
43/ 20” E.), Wakkauenbetsu formation, 
Middle Miocene. 

Remarks: Differs from P. californica 
CusHMAN by the strongly limbate 
sutures. ‘This is a characteristic species 
in the Wakkauenbetsu formation of 
Hokkaido. 
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CONSTITUTION 
of the sl 
PALAEONTOLOGICAL SOCIETY OF JAPAN 


ARTICLE 1. Name 
The Society shall be known as the Palaeontological Society of Japan. The Society is a section 
of the Geological Society of Japan. 
ARTICLE 2. Object 
The object of the Society shall be to promote the study of palaeontology and related sciences. 
ARTICLE 3. Achievement 
The Society in order to execute Article 2 shall (a) issue the Society journal and other publi- 
cations, (b) hold or sponsor scientific lectures and meetings, and (c) sponsor collecting or 
field trips, and lectures. 
ARTICLE 4. Membership : 
The Society shall be composed of persons who are active of interested in palaeontology or 
related sciences, and shall be known as regular members, honorary members, and patrons. 
ARTICLE 5: The members of the Society shall be obliged to pay annual dues to the Society, for 
which they shall enjoy the privilege of receiving the Society’s journal and of submitting ~ 
papers which have been read and discussed at the meetings for publication in the Society’s 
journal. 
ARTICLE 6. Administration 
The Society shall have the following organizations for its administration. 

(a) General meeting. The general meeting shall be composed of the Society members. More 
than one tenth of regular members shall be present to hold general meetings. Administra- 
tive affairs shall be decided during the general meeting. 

(b) President. The president shall be elected from among the regular members. The president 4 
shall represent the Society and supervise its business matters. 

(c) Council. The council shall be composed of councillors who are elected from among the 3 
regular members. The council shall discuss administrative affairs. 

(d) Business council. The business councillors shall be elected from among the council mem- 
bers, and shall administer business affairs. 

(e) Officers shall be elected by vote of returned mail ballots, as a general rule. 

ARTICLE 7. Amendments to the constitution shall be by decision of the general meeting. 


By-Laws and Administration 


ARTICLE 8. The Society’s journal shall be issued three times a year. 

ARTICLE 9. Regular members shall be persons who have knowledge, experience, or interest in — 
palaeontology or related sciences. 

ARTICLE 10. Patrons shall be selected individuals or orgataaeete who give special support to the 
objectives of the Society. 

ARTICLE 11. Honorary members shall be persons of distinguished achievement in palaeontology. 
The council shall nominate honorary members for decision by the general meeting. 

ARTICLE 12, Applicants for membership to the Society shall submit their full name, mailing ad- 
dress, date of birth, occupation, and name of school from which they graduated. 


Dues 


ARTICLE 13. Rates for annual dues of the Society shall be decided during the general meeting. 
Annual dues for regular members is Yen 400.00 (domestic members) and U.S. $2.00 Cforeign 
members). Patrons are individuals or organizations donating more than Yen 10,000.00 an- . 
nually. Honorary members are free from obligations. 

ARTICLE 14, The Society income shall be from membership dues and bestowals. 

ARTICLE 15. The Society shall have one chairman, fifteen councillors, and several business council- _ 
lors, whose term of office shall be two years. They may be re-elected. 


Addendum 


ARTICLE 1, There shall be four business councillors for the present. 
ARTICLE 2, The Society journal shall be issued three times a year for the present. 


